In distribution networks switching devices play critical role in energy restoration and improving reliability indices. This paper presents a novel objective function to optimally allocate switches in electric power distribution systems. Identifying the optimized location of the switches is a nonlinear programming problem (NLP). In the proposed objective function a new auxiliary function is used to simplify the calculation of the objective function. The output of the auxiliary function is binary. The genetic algorithm (GA) optimization method is used to solve this optimization problem. The proposed method is applied to a real distribution network and the results reveal that the method is successful.
INTRODUCTION
The main objective of the planning and operation of electric power distribution systems is to satisfy the system load and energy requirements as economically as possible with a reasonable assurance of continuity and quality. The two aspects of relatively low cost electrical energy at a high level of reliability are often in direct conflict due to the fact that providing a higher level of reliability will cost utilities more in capital and operational expenditures. This has become justification to emphasize on the optimization of the system costs and reliability [1] .
The optimal placement of the switches and the protective devices is one of the most important parameters in designing power distribution systems. Therefore, there is an increasing interest in optimization of allocation of protective and switching devices in distribution systems and there have been many studies in this regard [2] [3] [4] [5] [6] [7] [8] [9] [10] . References [6, 7, 11] propose different mathematical models and optimization methodologies for optimal placement of protective and switching devices. The objectives of the references are to increase the reliability and to decrease the costs. Several optimization methods have been used to solve such problems as genetic algorithm (GA), ant colony system (ACS), reactive tabu search (RTS), simulation annealing, etc [5] [6] [7] [8] [9] [10] [11] .
In [9] , the optimized placement of protective devices is used to decrease the system average interruption frequency index (SAIFI). Reference [6] Engages with the decreasing of the system cost to determine the optimal device position. The main difference between methods proposed in [11] and [6, 9] is using single or multi objective. Reference [11] has determined device placements in distribution system to improve SAIFI, SAIDI and total cost. Most of the above approaches are mainly theoretical. It means that the application of the optimization results is not feasible for real feeders. In addition, in most of the above references the restoration effect and maneuver by other feeders are omitted. In this paper, the restoration effect is taken into account. The new mathematical model is introduced to calculate the restorative energy while a fault occurs. A new index is introduced to show the energy restoration of the customers called R.I (Restoration Index). A new objective function based on R.I has been developed. The genetic algorithm has been used to optimize the objective function. From the application of the method on a real distribution feeder, the best switch position can be found.
PROBLEM STATEMENT
It is an interesting subject to increase the reliability indices in distribution systems and decrease the system cost. Hence, researchers try to find suitable solutions obtain these goals. One method to increase the system reliability is finding the optimum placement of devices. Several studies have been carried out about this subject. But, there is not any analytical solution in most studies to optimize the placement of protective or switching devices in distribution systems. Proficiency on all sides of the problem can be achieved when analytical solution is developed for solution. When analytical method is used to solve the problem, method correction investigation is accessible and easy. Hence, new method is introduced in this paper to calculate the energy restoration in distribution systems whose calculation is analytical.
In recent researches concerning the optimization of the device placements, there seems to be two other problems related to the implementation of the optimum results in the system as well as the lack of confidence of the managers to the proposed changes. When results devise the system to change most of device placements, superintendents are reluctant to main changes in the system and do not risk. Most solutions proposed in recent researches emphasize the main changes. Therefore, a practical solution is proposed in this paper.
PROBLEM FORMULATION
By fault occurrence in distribution networks, several customers experience an interruption. But, with switching device, it can be possible to restore some of them. Although in references [6, 7] , the main subject is total cost and reliability index, there is brief pointing to energy restoration. The new model is developed to calculate the RI (restoration Index). In Mathematical model of the factors, there is the auxiliary function A(i, j) which might be described as follows in (5). R.I is demonstrated as follows
The value of this function is a binary variable. If A(i, j) equals (1), it means that there is no protective device between branches i and j . The meaning of zero value of A(i, j) is the existence of the protective devices at least in one of the sections between branches i and j .
Factor (1) is related to the fraction of total restorative energy recover at lateral branches when a short circuit occurs in the sections of the main or the lateral branches. There are two main terms in this factor. One of them concerns with the lateral branches recovery loads when short circuit occurs at the sections of the main branch. The other is relevant to those loads which recovering when fault occurs at lateral branches. When X i is (1), it means that one switching device is allocated at section I and the ability to recover the portion of interrupted customers.
Factor (2) is similar to factor (1). This factor however indicates the portion of the recovery energy installed in the lateral branches.
Factor (3) is of a different nature. It refers to the maneuver effect of the considering feeder by neighboring feeders. The maneuver between distribution feeders can increase the system reliability and reduce the interruption duration.
OPTIMIZATION OF THE OBJECTIVE FUNCTION
Good position to allocate switches in distribution systems relate to optimum value of RI The self-evident result of the optimization of RI is the switch allocation in each section of the main branch. To lead good solution to real optimum state, some constrains should be added. In (6) the objective function with constrains and additional terms are shown.
The additional term to the objective function corresponds to the penalty coefficient (M ). This term leads the optimum result to the basic feasible solution in which the number of switches is minimized. Maximization of energy restoration or the above objective function is a nonlinear programming problem. To solve this problem, intelligent solution technique is useful. Ref [5, 11] use ant colony system as an optimizer. In [6, 8] reactive tabu-search is used to solve the problem. Another optimization methods used in papers is genetic algorithms as proposed in [2, 7, 9] . In this paper, genetic algorithm is used to solve nonlinear programming for the maximization of the energy restoration in distribution systems.
Each chromosome used in genetic algorithm has (n) genes. (n) is equal to the number of sections of main feeder branch. Genes are binary variables. When the value of m th gene is (1), there is a switching device in the m th section of main branch. In Fig. 1 the typical chromosome is shown. 
TESTS AND RESULTS
The actual development and tests are focused on the placement of the switching devices in the overhead radial distribution feeders.
The proposed technique has been applied to a 20 kV, real life 183-bus feeder. This feeder is a part of Karaj distribution network. It has two interconnection lines and two neighboring feeders. Permanent and temporary fault rates used in the test are 0.02 & 0.8 faults/(km year −1 ) respectively. Component data for analyzed feeder is described in Table 1 .
The considered assumptions and constraints for real life 183-bus feeder are as follows:
There is one circuit breaker between buses 1 and 2 (first section of the main branch). It is assumed that the neighbor feeders can feed total load of intentioned feeder. Since these feeders can feed total load of intentioned, this assumption is feasible. Therefore, there is no problem to provide the energy needed.
There are 7 fuses, 12 isolators and one recloser in this feeder. Recloser is allocated in the first branch and the positions of the fuses and isolators are given in Table 2 .
There are three points to interconnect this feeder to its neighboring feeders. These points are demonstrated in Table 2 .
Comparing the results obtained by the implemented methodology with those of the present condition presents the advantages of applying this method to the distribution feeders. The present feeder condition is presented in Table 2 . The difference between the optimum value of the objective function and the value of the present feeder condition is 240083. This increase in energy restoration is achieved by the installation of 9 isolators in proper positions of the distribution feeder. Concerning the other aspect of the optimization, ie lowering the cost, is should be mentioned that, as confirmed by the Tables 2 and 3 , the proposed method has lead to desired results and the costs have decreased.
CONCLUSION
This paper presents an optimization technique for the placement of switches in electric power distribution systems. R.I index has been introduced. This index is relevant to restorative energy in distribution systems when faults occur in distribution feeders. A novel mathematical method is developed to calculate the index. To simplify the calculations of the equations in R.I, an auxiliary function is used. By optimizing the R.I, optimal placement of the switches has been obtained. During the optimization process, to prevent the solution from evident conditions, the penalty factor (M) is used. This coefficient guides the best solution to minimize the number of switches required. GA (genetic algorithm) has been used to optimize the objective function. The method has been applied to a real distribution system and the obtained results illustrate the effectiveness of the proposed method. 
